Large-scale exposure assessments that include both between-and within-city differences in air pollution levels are lacking. The objective of this study was to model long-term particle exposure for the whole of Sweden, separating long-range transport from local sources, which were further separated into combustion and road dust. Annual regional, urban and local traffic PM exposure contributions were modeled for 26,000 addresses from a national survey, using a European scale model, an urban model and a local traffic model. Total PM 10 was overall dominated by the regional contribution, ranging from 3.5 mg/m 3 (northernmost) to 13.5 mg/m 3 (southernmost). Local traffic and urban sources contributed nationally on average to 16% of total PM 10 , but for urban populations this contribution was larger (for Stockholm around 30%). Generalized to the Swedish adult population, the average residential exposure contributions from regional, urban and local traffic PM 10 were 10.2, 1.3 and 0.2 mg/m 3 , respectively. Corresponding exposure to PM 1 was 5.1, 0.5 and 0.03 mg/m 3 , respectively. Long-range transport dominates average Swedish residential PM 1 and PM 10 levels, but for urban populations the contributions from urban and local traffic sources are important and may even dominate for residences close to heavily trafficked roads. The study shows the importance of considering both national and city-scale gradients. The approach to exposure modeling at home addresses of a Swedish cohort includes both the regional scale and the urban and local traffic contributions to total PM exposure. With this we can resolve both between-and within-city gradients in national exposure assessments. The within-city exposure is further divided into a submicron (combustion) and a supermicron (road dust generated by studded tires) part. This gives new possibilities to study health impacts of different particles generated in Scandinavian cities.
INTRODUCTION
Health effects from outdoor air pollution include a range of symptoms and diseases, as well as mortality, related both to shortand long-term exposure. Most of the air pollution population studies have employed designs that capture the health effects either as temporal changes within a city area or as long-term differences between entire city areas. Although this is appropriate for atmospheric contaminants that show a homogeneous spatial distribution over cities, it is less relevant for contaminants that are unevenly distributed, for example, air pollution from local traffic. Several techniques that capture small-scale differences in outdoor exposure levels have been developed, 1 including land-use regression (LUR) and dispersion modeling (DM). Applications of both types have been developed for several cities, mainly in Europe, 2, 3 and in North America, 4 and have been applied to both case-control 5, 6 and cohort studies. 7, 8 However, data requirements for these models make them difficult to apply over larger areas than cities.
National PM exposure assessments have been performed based on measurements of urban background levels, 9 and for the entire EU population by large-scale modeling. 10 However, none of these have considered the small-scale exposure gradients found within cities and close to major roads. We here report on the development of a national DM system that allows the exposure assessment to include both large-and small-scale spatial differences in air pollution. It also separates combustion particles from road dust particles, the latter recently shown to have shortterm effects on mortality in a Swedish city. 11 
METHODS

Environmental Health Survey
Home address coordinates from the National Environmental Health Survey (NEHS) performed in 2007 were used as receptor points for exposure calculation. The survey targeted the Swedish adult population (18-80 years of age), in total 6,761,887 persons. A questionnaire was sent out by mail to a stratified sample of 43,905 persons (0.65% of target), of which 25,851 responded (59%). The questionnaire focused on environmental factors, annoyance and self-reported health outcomes, as well as on potentially important confounders such as smoking. More details of the 2007 Health Survey can be found in Willers et al., 12 which describes how the model-simulated exposure results presented here were used in an epidemiological study.
Model Simulations of PM 10 Levels
The SIMAIR model system, used for exposure calculations, is based on simulated hourly concentration fields during a historic year. 13 The most recent SIMAIR year available, 2004, was selected as a base for the exposure assessment, which means that meteorological conditions, long-range contributions and emissions reflect the conditions of that particular year. Although the health survey was performed in 2007, it is probable that the relation between annual average exposure of long-range, local traffic and urban at different geographical coordinates (home addresses) did not vary considerably between the years. Figure 1 shows observed rural PM 10 concentrations for the period 2002-2008 (the IVL institute hosts the Swedish air quality database commissioned by the Swedish Environmental and Protection Agency, available at www.ivl.se). The figure indicates a rather consistent north-south gradient in the long-range contribution to Swedish PM 10 levels. However, as data are missing from the southernmost station for 2007, it is not possible to compare directly the PM 10 The long-range and urban part of the PM exposure calculation followed the methods described in Gidhagen et al. 13 The European PM contribution to the regional scale was calculated on a 44 Â 44 km 2 grid, using the photochemical transport model MATCH.
14 Model output was improved by a 2D variational data assimilation scheme, 15 which adjusts the simulated levels towards monitored PM 10 data at three regional stations in southern, middle and northern Sweden (Figure 2 ), maintaining the spatial distribution given by the model. The regional contribution in each exposure receptor point was evaluated by bilinear interpolation in the 44 Â 44 km 2 grid. Urban contributions were calculated for approximately 100 urban agglomerations, using 1 Â 1 km 2 grids that covered the urbanized areas. PM emissions from road traffic were separated in a combustion part, based on the ARTEMIS emission model, 16 and a road wear and re-suspended dust contribution. 17 The road wear emission model takes into account timevarying conditions of studded tire use, road wetness and road maintenance (sanding, salting). The model is able to account for the main features in the day-to-day and seasonal mean PM 10 variability, especially the peaks in PM 10 emissions at both ends of the winter season, when studded tires are used on dry road surface.
The non-traffic emissions used on the urban scale were those officially reported to EU, but spatially distributed over a nationwide 1 Â 1 km 2 grid and aggregated to three sectors: residential wood combustion, sea traffic and other, the latter principally composed of energy production and industrial sources. Traffic emissions were temporally distributed over each hour of the simulated year according to typical daily variations found in traffic volume, different for weekdays and weekend days. Emissions from residential wood combustion were set to vary over time according to 3-hourly ambient air temperature and with the requirement that temperatures should be below 10 1C for emissions to occur. Point source emissions were kept constant over time.
The numerical simulation of urban background contributions was made on the same 1 Â 1 km 2 grid as the emission inventory, using two different model approaches. For ground-level sources, that is, traffic emissions and residential wood combustion, the simple approach of determining the influence area upwind the receptor point was used, an adjoint approach suggested firstly by Berkowicz et al. 18 The dispersion of stack emissions was treated in a separate Gaussian point source model, forming part of the DISPERSION model. 19 The two urban models were fed with meteorological input data that are relevant for dispersion models -for example, wind speed and direction, temperature, cloudiness, global radiation, sensible heat flux, friction velocity, humidity and precipitation. 20 More details are found in the SIMAIR description paper. 13 The urban contribution in the exposure receptor points was evaluated by interpolation in the 1 Â 1 km 2 grid. The procedure is only valid for receptor points located inside any of the approximately 100 urban agglomerations for which the urban model has been run; receptor points outside were given a zero urban contribution.
The local traffic PM 10 contribution was calculated as the impact of traffic flowing on finite long road segments in the Swedish National Road Database NVDB. 21 Traffic data for 2004 were simulated by a traffic model and calibrated with measured traffic volumes on state-owned and important municipality roads, see Gidhagen et al. 13 for more details. The same ARTEMIS vehicle emission and road wear models, as for the urban scale contribution (see preceding section) were used to generate emissions of submicron particles (exhaust pipe, from motor combustion) and supermicron particles (wear particles), however here determined for each individual road link instead of for 1 Â 1 km 2 grids. Exposure from local traffic sources was defined as the impact of all road vehicles operating within a circle of radius 250 m from a home address. Traffic emissions within this circular area around a receptor will be referred to as ''Local traffic contribution'' (traffic emissions at larger distances are taken into account in the urban model, as described earlier). A finite-length line source model 22 was used to integrate the impact of traffic on road links inside the circle. The model assumes a flat surface with no effects of buildings or topography, aiming at describing the conditions in lowdensity residential districts of individual properties, especially in rural and suburban areas. In more dense, city-center environments with multistorey buildings, the model output may be seen as concentrations along an envelope above a typical roof level of the buildings.
The local model contribution comes from traffic emissions that are also included in the urban scale simulation, thus a procedure to compensate for double counted emissions was performed on the summed PM concentrations. This was carried out for each receptor point by reducing the traffic-related urban contribution by the proportion of the emissions within the 250 m radius to the traffic emissions in the 1 Â 1 km 2 urban grid.
Sweden has an area of 450,000 km 2 with a north-south extension of 1,572 km and is covered by approximately 230 cells with long-range contribution data (44 Â 44 km 2 resolution). Only a small fraction of the land area is classified as urban; however, a major part of the population lives there. Of the close to 26,000 home addresses used as receptor points for population exposure calculations, 61% were located inside an urban area where urban contributions (1 Â 1 km 2 resolution) were added. The local traffic contribution was added to all receptor points, inside as well as outside urbanized areas. For other sources, which may have a strong local impact, for example, residential wood combustion, the smallest scale is the urban contribution.
Separation of Sub-and Supermicron PM Exposure
In our estimates, the local traffic contribution to PM 10 was based on traffic on roads within a 250 m radius around the home address and composed by traffic exhaust-and traffic-generated wear particles. The model handles these emissions separately, so the resulting total PM 10 concentrations can be split into the two fractions after the simulation is completed.
The current version of the urban model does not separate the sub-and supermicron fractions of PM 10 , neither does it separate the impact of ground sources (traffic and residential) from that of elevated sources (industrial, sea traffic) sources. Only the traffic source will generate supermicron particles, whereas the others are assumed to produce submicron combustion particles. To split the summed impact according to the emissions from each source, we took into consideration that an elevated source yields a smaller ground level impact than a surface source. An experiment made with a Gaussian dispersion model for the Stockholm area indicated that a surface source gives about three times higher concentrations (median or average) over the nearest 4 Â 4 km 2 grid cells, as compared with the same emission coming out from a 40 m stack. The resulting split of PM 10 into a submicron and a supermicron fraction was compared with the few existing simultaneous measurements of PM 10-1 and PM 1 . The supermicron fraction PM 10-1 was estimated to constitute 80%, 84% and 76%, respectively, of the urban background contributions in (south-north) Jö nkö ping, Stockholm and Piteå. Corresponding measurements reported are 67%, 71% and 69%, respectively. 23 Another measurement in Stockholm reports 60%. 24 It should be noted that the urban model system does not include secondary formation of PM, that is, simulated urban contributions will entirely originate from primary emissions, and aged PM is only found in the regional contribution. This simplification is justified by the limited size of Swedish cities.
For the long-range transport, PM 1 was assumed to be 50% of PM 10 , based on observations in one location about 100 km south of Stockholm. 24 
Model Evaluation
Omstedt et al. 22 compared SIMAIR output to monitor data from six street monitor stations situated in the northern, central and southern parts of Sweden. The difference between simulated and monitored annual averages of PM 10 levels were below 13%, with correlation coefficients for the time series of daily average PM 10 
Population Exposure
Respondents to the NEHS 2007 survey returned the questionnaire to Statistics Sweden (SCB). SCB digitized the answers, added registry data on country of origin, civil status, income, education and home geographical coordinates. SCB also estimated a survey calibration weight variable, which was on average 260 and ranged from 6 to 1874. The weights were constructed by comparison of the respondents with the source population, using individual data on demography and socioeconomy. The weights are inversely proportional to the sampling (and responding) probability, allowing each of the 25,851 respondents to represent a certain fraction of the Swedish adult population. The sum of the weights amounts to this population.
The average national population exposure was calculated using the calibration weights. To illustrate the distribution of exposure levels in the population, we created categorical PM exposure variables from the continuous PM exposure variables. The PM exposure categories were narrow: 1 mg/m 3 for total PM 10 , local traffic PM 10 and road wear particles, 0.5 mg/m 3 for regional PM 10 and urban PM 10 and 0.2 mg/m 3 for local traffic exhaust particles. With the STATA svy command, proportions of the target population of 6,734,211 Swedish adults in these specific exposure categories were calculated. These proportions were expressed as percentages, and the cumulative percentages for the different PM exposure fractions were indicated.
RESULTS
Validation of Simulated Annual Mean PM 10 Concentrations
The SIMAIR model output was compared with three urban background stations for 2004 and 2005 (Table 1 ). This comparison involves only the sum of long-range transport contribution and the urban contribution, without a local traffic contribution, as the monitors are located at roof level of 20-27 m high buildings. These roof level measurements represent a more general urban background, without direct impact of individual streets. The differences between measured and simulated urban background PM 10 levels are below 20% of monitored levels.
The table also includes a comparison of monitored and simulated PM 10 levels from stations closer to the traffic source, located at distances from 2 to 38 m from a major road (road details in Table 2 ). Here the simulated PM 10 is built up by all three contributions: the long-range, the urban and the local traffic impact, where the last one is calculated with the finite-length line source model used for the exposure assessment. For the four long-term comparisons at traffic sites, the difference is only up to 10%. Correlation coefficients for daily mean values are generally 0.6-0.7. Results from Table 1 are also shown graphically in Figure 3 , where the broken lines show the ± 50% deviation suggested by EU to be the accuracy needed for a numerical model assessment.
Characteristics of PM Exposure Levels
The simulated annual average distribution of the long-range contribution to PM 10 levels in 2004 shows the highest levels in the south, decreasing towards north (Figure 2) . The difference between the highest rural concentrations in the south (average by municipality) and the corresponding lowest in northern Sweden were about 10 mg/m 3 . The levels are representative for rural stations far away from local sources like urban settlements and trafficked roads. The presented distribution is made up by European scale model results, adjusted to the three rural monitoring stations in southern, central and northern Sweden referenced in Figure 1 and with locations indicated in Figure 2 .
This long-range contribution dominates the simulated PM 10 levels at virtually all the 25,846 addresses from the NHES (Figure 4a ). The dominance of the regional contribution is even more accentuated in the PM 1 concentrations (Figure 4b) , whereas for the PM 10-1 (Figure 4c ) levels there are some 500 addresses (B2%) out of the 25,846 that have a local traffic plus urban contribution that is larger than the regional one.
Of the addresses, 40% had a local traffic plus urban PM 10 contribution larger than 1 mg/m 3 , but only 0.3% of the home addresses had a local traffic plus urban contribution larger than 10 mg/m 3 ( Figure 5 ). The same low percentage of 0.3% of the home addresses showed a dominating contribution from the city itself, that is, a summed local traffic plus urban PM 10 contribution larger than the regional background.
As expected, the simulated local traffic contribution to the mass concentration of the PM 10-1 fraction was highly correlated to the corresponding contribution to the PM 1 fraction (Figure 6a ), as both are generated by the same local traffic source. As an average for all addresses, the PM 10-1 fraction was six times larger than the PM 1 fraction, due to the large amount of wear particles created by the use of studded tires during the winter season (Figure 6a) . The non-perfect linear fit between sub-and supermicron concentrations is partly explained by regional differences in the use of studded tires. The use of studded tires is lower in the southernmost part of Sweden, where there was only 3.5 times more supermicron than submicron particles due to local traffic. Differences in fleet composition also contributed to the variation. Heavy-duty vehicles generate much more combustion (submicron) particles than personal cars, but as they do not use studded tires, the road wear generation will not be high.
In contrast to the local traffic contribution, the simulated urban contribution to the PM 10-1 fraction did not show a simple linear relation with urban PM 1 (Figure 6b ). Many people live close to the main traffic arteries, yielding an exposure dominated by the supermicron fraction as illustrated by the linear upper limit of the scatter cluster of Figure 6b . There are, however, also many addresses away from traffic and with a more dominant impact from other combustion PM sources. The latter are found as branches in the scatter cluster of Figure 6b , stretching out downwards to the right. Some residential parts of Swedish cities are thus characterized by larger mass concentrations of submicron combustion particles than supermicron road wear particles. National Adult Population Exposure to PM Also, when the address results are weighted to represent the national adult population, the strong dominance of the regional contribution to PM 10 is evident, with half of the population affected almost exclusively by long-range PM 10 ( Figure 7a ). The urban contribution is in turn more important for the national population exposure than the local traffic impact. The average contributions from regional, urban and local traffic PM 10 were 10.2, 1.3 and 0.2 mg/m 3 , respectively. Figure 7b shows the separation of the local traffic plus urban contributions, that is, the primary PM generated by sources inside the city, into a supermicron road wear (average population exposure 0.9 mg/m 3 ) and a submicron combustion fraction (average population exposure 0.5 mg/m 3 ). In this mass comparison for the whole population, there is a dominance of the supermicron fraction, but as indicated in Figure 6b there is large variation between individual addresses. The average contributions to the Swedish population from regional, urban and local traffic PM 1 were 5.1, 0.5 and 0.03 mg/m 3 , respectively. Corresponding contributions to PM 10-1 were 5.1, 0.8 and 0.2 mg/m 3 , respectively. It should be noted that an assessment limited to a large city population -like Stockholm -will give higher importance to local traffic impact and less to long-range contributions (see Discussion below).
DISCUSSION
Epidemiological studies on health effects of long-term exposure to air pollution require detailed mapping of spatial variations in air pollution. Dispersion models offer a way to do such mapping, but are often claimed to have important limitations, especially when larger areas than cities are of interest. Arguments against largescale dispersion models include excessive computational needs and too large efforts to collect such comprehensive and detailed Simulated urban background ¼ regional þ urban contributions; simulated street-side concentrations ¼ regional þ urban þ local contributions.
National assessment of long-term PM exposure Gidhagen et al input data. 25 This study presents a coupled model system that overcomes both those problems and offers a possibility to map detailed air pollution levels on a national scale.
The PM 10 exposure assessment for the national Swedish population showed a dominating role of the regional long-range contribution, with a strong gradient from northern to southern Sweden. This gradient in PM 10 is seen in measurement data ( Figure 1 ) as well as in European scale modeling. 26 The chemical composition of the regional background PM 10 is, however, not well known in large parts of Sweden. Data from one summer campaign, at a rural background station in the southern part of the country, indicate approximately 50% secondary inorganic components, 20% carbonaceous aerosol and 30% unspeciated. 26 Measurements from southern Sweden show that the carbonaceous part is dominated by biogenic organics during summer and by biofuel plus fossil fuel organics during winter. 27, 28 The secondary inorganic part is mainly associated with precursor emissions in more densely populated parts of the European continent south of Sweden. Northward transport combined with removal through deposition contributes to a concentration decrease in secondary inorganic aerosols as well as in total PM 10 from southern to northern Sweden. There are no measurements of PM 10 aerosol composition reported from northern Sweden, but model simulations indicate that the organic aerosol fraction of total PM 10 can be considerably higher there than in southern Sweden. 29 However, these model-calculated organic aerosol concentrations are subject to large uncertainties in emissions (especially from biogenic sources and residential wood combustion) as well as in the atmospheric processing and deposition of the organic aerosol. 30 To assess the within-city PM gradients originating from local emissions, a separation of the ''outside'' and ''inside'' city contributions to PM 10 exposure was needed. The separation achieved by the model approach is also possible to obtain with on-site monitoring, through parallel measurements inside and outside a city. Forsberg et al. 9 evaluated half-year measurements from 30 urban background stations together with data from the same three regional background stations as in this model study, concluding on an averaged local impact from the cities of 6.3 mg/ m 3 , which corresponds to an averaged local impact of about 29% of total PM 10 . However, the stations used were all located in city centers where the urban background levels are peaking and will therefore overestimate urban exposure. This SIMAIR model study illustrates that as most people live outside city centers, the contribution of urban sources to their PM 10 exposure ( Figure 5 ) is lower than might be expected from typical urban background measurements. The average ratio of local traffic plus urban contribution to total PM 10 from the receptor points of Figure 5 is 16%, roughly about half of the Forsberg et al. 9 estimation based on city-center measurements.
The different characteristics between a national Swedish exposure assessment and exposure calculations for a large city population can be shown by taking out a subgroup of the 25 Despite the differences in the local impact magnitude, Forsberg et al. 9 concluded -in line with this study -that long-range transported sulfate-rich particles have a dominant role in Swedish PM 10 exposure, and that it is necessary to separate their health effects from those of local exhaust sources.
A second major advantage of the presented DM approach for exposure assessments is the separation of the locally generated primary PM into two size and source -implicitly also composition -fractions, the submicron PM 1 of combustion particles and the supermicron PM 10-1 fraction of mineral road wear particles. The commonly used PM 2.5 includes a considerable fraction of road wear particles, easily identified in the seasonal variation of monitored PM2.5 levels and the differences between, for example, Sweden and Denmark/Germany, that can only be explained by non-exhaust emissions that depend on meteorological conditions on the road surface, of antiskid treatment with salt/sand and the use of studded tires. 31, 22 This motivates a separation at a smaller diameter. A cutoff at 1 mm, defining all vehicle exhausts as submicron particles and all road wear particles as supermicron, is in accordance with recent measurements. 23 For the Swedish population living in traffic-dominated environments, the residential levels of locally generated supermicron road wear particles is estimated to be on average six times larger in mass concentration as compared with the submicron combustion part. For people living more distant to the major traffic arteries, this ratio can decrease to less than unity.
The presented DM methodology can bring better exposure estimates than other methods, but only if the simulations are based on detailed and quality-assured emission data, and that the whole model system is rigorously evaluated against high-quality monitor data. This study includes an evaluation of model output against measured PM 10 , both for urban background and traffic sites. The evaluation shows that simulated annual PM 10 averages have biases within ± 20% (urban background) and ± 10% (traffic sites). The biases do not show systematic differences between measured and simulated PM 10 levels.
Ideally the comparison between model result and measured total PM concentrations should be made separately for the regional, urban and local contributions, which together sum up to the total concentration. The comparison of the model's regional contribution against rural measurement data is however not meaningful, as the few available rural measurements have all been used in the data assimilation procedure. The separation of the local contribution is sometimes feasible if parallel measurements are made at ground level and at roof level, at the same location. One such data set was used in Gidhagen et al. 13 to validate the local contribution at one particular station. The traffic site data used in this study (Tables 1 and 2 ) do not offer this possibility.
Although the evaluation of the final output of this complex model system shows it to be useful as input to health assessments, there are individual parts -models, databases, assumptions -with different quality. The inclusion of a national road database where all state-owned roads have monitored traffic volume and the major municipal roads have simulated traffic data, brings detailed and rather unique high-quality information on traffic emissions. These detailed traffic data make the very high spatial resolution used for the local contribution meaningful. However, there are at least two weaknesses of the current model system, to some degree indicated already in the Methods and Results sections.
The first weakness concerns the DM on the local scale. The SIMAIR system is able to handle the European and urban scales as well as very small scales. The quality of the smallest scale contributions will, however, depend both on model formulation and on information on local sources. In the selection of microenvironment models, there are basically two options: using an open road or a street canyon approach. As described in the Methods section, the current model system uses a finite-length line source model, which assumes an open surface with no effects of buildings or topography. In city-center environments with multistorey buildings, the model output may be seen as concentrations along an envelope above a typical roof level of the buildings. For residential exposure, this is appropriate for buildings that use non-filtered forced ventilation with intakes at the roof or from a courtyard. There is, however, a considerable part of the urban population (e.g. in the three largest Swedish municipalities about 60%; N Andersson, personal communication) that lives in houses with natural ventilation (i.e. with air intake through windows, staircases and facades), which in street canyons may mean substantially higher levels than at roof-top level. For such addresses, the assumption of a flat and open environment around the road will result in underestimated residential exposure levels. Conversely, for the small number of residential buildings with mechanical ventilation incorporating air filtering, there will be an overestimation. The Danish AirGIS system 32 has taken the opposite decision to only use a street canyon model for the local contribution. This model approach has been evaluated against NO 2 measurements in Copenhagen 33 and has also been applied to an exposure assessment for New York City. 34 Although the street canyon assumption seems relevant for these two cities, it is less appropriate for Swedish urban residences, which mostly are located in smaller cities and suburban areas. Previous health surveys in Stockholm identified at most 3% of the home addresses as being located directly in a highly trafficked street canyon environment. 2, 7 The finite-length line source model used in this study has two advantages as compared with the street canyon model of the type, for example, used in the Danish AirGIS system. First, it takes into account atmospheric stability, and second, it considers all street emissions within a radius of 250 m. Both these properties become more important the more open the nearby environment is and are of less importance in true and trafficked street canyons. Summarizing the pros and cons of the two model approaches, a combined use should be preferred. This would require information of the characteristics of each home address, so that the appropriate local model can be selected for a particular home address. Unfortunately, this information was not available in the NHES 2007 data. A related issue is the quality of the information on the local traffic flow and composition. In our study, we have used simulated traffic data, which for state-owned road have been supported and validated against measured traffic counts, but for municipal roads there are only sparse traffic measurements available to support and validate model output. The lack of measured traffic flow data on municipal roads implies less accuracy of the description of small-scale exposure contrast within the cities.
A more important weakness of the current model version is found in the method to split urban PM 10 contributions into suband supermicron fractions, which is made in an indirect way by comparing the different emissions. As described in the Methods section, the urban model outputs only the total urban PM 10 contribution, not separating the partial contributions from traffic, residential wood combustion and other emissions originating mainly from stacks. The national Swedish inventory 35 reports for year 2004 PM 10 emissions of 2.4 Gg/year from traffic exhaust, 5.2 Gg/year from residential wood combustion and 24.0 Gg/year of other land-based emissions mostly emitted through stacks. For the addresses in this study, we estimate on average six times more road wear PM 10 particles (mass) as compared with exhaust particles. Thus, the total traffic contribution to PM 10 emissions should be about seven times the exhaust emissions, that is, around 17 Gg/year. Consequently, PM 10 from traffic and residential wood combustion together constitute about half of the total PM 10 emissions (navigation emissions over surrounding seas excluded). As only road traffic contributes to supermicron wear particles, an assumption had to be made on how much ground-level urban PM 10 is caused by a certain emission from a high (at least 40 m) stack as compared with if the same amount was emitted at ground level from a vehicle or from a one-family house where residential wood combustion is used. The estimate used is that three units of stack emissions give similar impact as one unit emitted by traffic or residential wood combustion at ground level (see Methods section). Obviously, the impact of a point source will depend on distance from the source, so the three (ground source) to one (point source) relation is only a median value for a specific geographic scale. The 4 km scale was selected because it is large enough to include the maximum impact of 40 m point sources and at the same time it is possible to include urban residential areas without major roads going through. The comparison with the few simultaneous PM 1 and PM 10 measurements from Stockholm, Jö nkö ping and Piteå (see Methods section) gives a reasonable similarity, although with an indication that the model slightly overestimates the supermicron fraction. This part of the model needs to be developed in the future.
Except for mechanically generated and naturally occurring dust particles, we also expect, for example, some sea salts to contribute to the PM 10-1 fraction of the long-range transport contribution. The splitting of the regional PM 10 contribution into sub-and supermicron fractions used by the model could unfortunately be based only on scarce data. The model on the European scale does not well describe the separation and the adjustment of simulated long-range concentrations made. In Sweden, the PM 1 fraction of rural PM 10 has only been documented for one location situated about 100 km south of Stockholm, where it was found to be around 50%, 24 which we have used. It should of course be lower than the corresponding PM 2.5 to PM 10 ratio, which is reported to be 60-80% in Europe, with the higher percentage being more typical for Sweden. 36 
CONCLUSION
A DM system for annual PM 10 averages agreed within ±20% of measured levels in urban background, and within ± 10% in traffic sites. The regional contribution component was almost everywhere dominating the PM 10 concentrations, ranging from 3.5 mg/m 3 (northernmost Sweden) up to 13.5 mg/m 3 (southernmost Sweden). Above this there was an additional local traffic and urban PM 10 burden that for 40% of the addresses exceeded 1 mg/m 3 , but which for only 0.3% of the addresses was larger than the regional background. As an average for all home addresses, the summed impact from local traffic and other sources within the city was 16% of total PM 10 . Generalized to the Swedish adult population, the average contributions from local traffic, urban and regional PM 10 were 0.2, 1.3 and 10.2 mg/m 3 , respectively. The importance of the local traffic and urban contributions to PM 10 exposure grows substantially in a large city population where people often live close to densely trafficked roads, constituting around 30% as an average for the Stockholm addresses of this study. For subjects living close to such roads, the local contribution may even exceed the regional contribution.
The contribution to PM 10 from local traffic inside a radius of 250 m from the home address was dominated by supermicron road wear particles, as a national average six times higher than the exhaust PM coming from the same vehicles. The same ratio could be found also in the urban background, along major roads and in the absence of other sources. Urban areas away from trafficked roads showed a much smaller ratio and the urban contribution to PM 10 was in some cases dominated by submicron exhaust particles. Translated to national adult population, the average exposure from local traffic and urban contributions was estimated to 0.9 mg/m 3 for supermicron PM 10-1 and 0.5 mg/m 3 for submicron PM 1 particles. 
